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imn^ 1 1 imih^M^i^^ Ce, Pr. Nd. Pnu Sbk Eu, Gd. lb. Oy^ Ho 

111^21 in-m^it^^mmz. Ce. Pr. PSk Sm. Eu. Gd. 
lb. Dy, Ho. Er. Tin, Ybfc J:mAiO#±iS^S7cmi O «t4if*»^Stf*LS^-^ 

lS^3l Il-VIJ^-fb-^^^lC, Ce. Pr> Nd. Pm^ Sm. Eu. Gd 
. lb, Dy. Ho. Er. Tm. Ybi3<t m^«^4if±S^JS7cm<t 0 ^f^S^^^^SJfivS^- 
'fc < 1 ®<Z)&JR56«^^$*L-CV^* i i: *!|tmi:-r*ai?eB[ttII-VI^<l;'&® 

(1) Ce. Pr. Nds Pm, Sm. Eu, Gd, lb. Dy. Ho. Er. Tm. YbiSiUluO^i 

(2) miB*±li^JR7nfgJ: i) «:*a^3&><b«tfti.SiI?* < <> 2a<0^7C^fc 
. lb. Pa. U. Np. Pu. Am. Ck. Bk. Cf. Es. Fm. Md. NoiS iOljrJ: •) 

(3) ^»i(2)fc. nMK-^'«>b45J:OfpMK-^-«>b«^i>*< f^) 

-:)?. 



003-30546 



' #®2 0 0 2-1 6 6 8 0 3 . : 

(1) Ce^ Pr> Nd. Pttk Sm, Eu, Gd, lb, Dy. Ho, Er, Tm. YbiJ i mji<^#± 

(2) WIB*±li^3CfgJ: 0 ^SS^^J^i^gtfix-S^?* < i: im<r>^7cmt 
. Th. Pa. U. Np, Pu. Am. Cm, Bk, Cf. Es. FK Md, No^itari 

(3) flSriB(l)i^»±(2)i:. naK-/t>V^J:U^aK-^'«>bO^*< i:«> 

<0V^-f*L;6»S:^JllL, UfB*±IS^Jlx^. Th. Pa> U, Np. Pu. Am. Cm. Bk. C 
f. Es. Fm. Md. no^XXTLrH *) ^r*S^:6>c>Stf*t*il?i: <ti> imo^mvc^ 

[0 0 0 1] 

[l&WOJR1--6fiE$l5^»l 
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i|#®2 0 0 2-1 6 6-8 0 3 " ^-v? : 3/ 



^^m^h. tf^lilI-yiMit-^¥^^H^i^s Ce. Pr. Nd. Pto. Snis Eu. Gd^ 
Tb. Dy. Ho. Er> TnK Ib^ilfhKO^m^Jtmi^^i^^^^MliiX&'J^^ 

[0 0 0 2] 
[0 0 0 3] 

-Vl2gy^<fc-&!|&W'»t3:> -eov'^v K^^fT* (Eg) **:^§< C^^^'^'^&^K ( 
Eg-5.4eV)> ZnSe(Eg=2.7eV). ZnO(Eg=3.3eV), ZnS(Eg=3.9eV). GaN(Eg^.3eV)> 
AlN(Eg=6.4eV). BN(Eg^.4eV)] . ^i)^h$^9\-(OWi^<K>itX'^m.m-i>t^^^ 

[0 0 0 4] 

Sr^-r 'J 3 > mWSL(om.^ii^^ < > V = > icfev>T3l?S8H455«^^-e § ft 
[0 0 0 5] 
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[0 0 0 6] 

tt^^^Utr^^g-f^^-^^ Siatt^^fflS (^^U-SK) «r*0!SMl'J:") 
[0 0 0 7] 

;6ftf§ibtL*ivi^#s#, m-ym^it^m^^i^ tfzmi-vim^it^^ 

[00 0 8] 

[00 0 9] 
[0 0 10] 
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#S2t) 0 2-1 6 6 8 0 3 



5/ 



^<om^^ Ce» Pr^ Nd. Pbk Sn. Eu^ Gd, lb, Dy. Ho. Er. Tiik Ybi5,t01u© 
[0 0 11] 

tJt. Ce> Pr> Nd. Pta. Sm. Eu. Gd. lb. Dy. Ho, Er, Tto, ¥b:fei0^uO^&± 
S^JRTC^i >) *4S^*»^>S»f*t4^-^r < i: i ia<^^S:IVl^#^<^, III 

[0 0 12] 

$lbtC, Ce, Pr, Nd, Pm. Sm, Eu, Gd, H), Dy, Ho, Er, Tm, Yb^ ilMAKD 
[0 0 13] 

ClOidtC, Ce, Pr, Nd, Pto, Sm, Eu, Gd, lb, Dy> Ho, Er, Tm, Yb^feimAi 
[0 0 14] 

-e-LT, :*:|&?§#'?>75«, ^ hiz^Mmti:Mi3itif^^. Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, lb, Dy, Ho, Er, Dm, Yb^AtauO^&±IS^7C^»±, m^:^^^^ s 
=1/2, 1, 3/2, 2, 5/2, 3, 7/2S:^>oift;^kf>^^t^i:* 0, -€-cO^*lSSS:^ 
-fbt^"), Cl*LC,07C^0 2|i^JiiL±oa'g~*-^, •€-Ofa^tr^x.;tSaut^ 

[0 0 15] 
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#®2 0 0 2-1 6 6 8 0 3 ^-'J : 

[0 0 161 
(0 0 171 

i O i 9 i*t<b<^#±IS^7cm<0jgS^?S'&tJ^«:^^-t-* - 1 i •) 
[0 0 1 81 

, i3tJiII-Vi:^'fb-^#-^'»t-- Ce. Pr. Nd^ Pm^ Sm^ Eu, Gds Tb. Dy> Ho 
. Er. Tin, Yb^iXJnM<Oik±m^^7tm3: *) ^^Wif^hmiSiXi^^ < ti> lU 

[0 0 191 

idle, im^^mi^tii. SU JfeliGe-CfeSo ttz. Ill 

-VJ^^b-&!i&*-^#i:*±> IIIl^^^-CabSB. AU Ga, In. t ^fiTl tVi^-=F 
•Cab^N, P. As. Sbx *^{iBii:<0ia.!^#i3-^:*»^-C#*'fb'g-!I&t?*>). ^-^fiS 
iZii. GaAs. GaSb. GaP. GaN. AIN. InN. 4fel±BN^-Cab*o t:^. II-VI:!^ 
it^^mi^tlt. Iimil^-e*-SBe> Ife. Zn, Cd> Hg> Ca. Sr. ttiitB&tVl 
Ml-X'^i>0. S. Se. tfzmet(7>iS.^^t>^ilf'hT^ :h<t^'C'^^ . 
fi9icl±x aiSe. aiS. aiTe. ZnO. CcB. t /iJiCdSe^-Cfe^o 
[0 0 2 01 

1iri£0^±li^JS7nMHi. Zn. Cd. Ga. kl^ln^j: i^<0±m7tmt-( :^>^^^ 
im&Si&<. g^WSa^K&lw J: i)®®T'lat%~25at%ffiS t?@^L-C^>« 
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7/ 



[002 11 

miE, Ce> Pr. Ms Pm, Snu Eu, Gd, lb. Dy. H(k Er, Tuk Yb^XmM<D^± 
$ J: D . -e-O^TcSI^ 4 f m^oS Wfi: i: p - f 

[0 0 2 2] 
[0 0 2 3] 

2f:i&?itcj:iivi^#s#. III-v®em'^b'e^^^^^^ titiiii-vmmit^ 

(1) Ce, Pr, Nd, Fto^ Sm, Eu. Gd^ ^b^ Dy^ Ho^ Er^ Tm. Yb*3 J: mAiC»5&± 

( 2 ) ^iB#±^^JS7C^J: IJ &*Sf:6»ib«lftt*il?ir < t 2@0^«7cmi: 
. Hi. Pa, U, lip, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No:fe iO^ri ») 

(3) MfB(l)*^J4(2)i:, nSIKwf>^i3it^pMK-^■«>^<^^^^*< i:'f> 
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' #®2 0 0 2-1 6 6 8 0 3 ^-'J : 




[0 0 2 4] 

(1) Ce^ Pr^ Nd^ PJn^ Sm. Eu. Gd. lb, Dy. Ho, Er, Toa, Yb^ J: miiO^&± 

(2) mf&^±m^7tmii o «:-5S^*^ibSJf*L*ii?* < t iso^sx^t 

, lb. Pax Ux Np> Pux Abk Ob, Bk, Cf, Es, Rn, Md, NoiS iOl^ri •) ftSS^** 

(3) llr?B(l)J^tt(2)i:. nMK-''^> h^it'^SKw?>h<0^-)Sr< t«> 

<^V^-fir;6»*^lPt, «(rlB^±ISifeJPi7C^. Ill, Pa> Np, Pu, Am, Cm, Bk, C 
f, Es> Fm, Md, lHoiSXlTLri 0 ^r-5P*^?>StftL^il?* < t imo^M^m 

[0 0 2 5] 
[0 0 2 6] 

[0 0 2 7] 

t ft. t(riB( 2 ) \zms.^ ixi,m±m.±mim<r>^j^^ <ti>i w>x±t n^^^ 
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#®2 0 0 2-1 6 6 8 0 3 ^— :? : 9/ 




[0 0 2 9] 
[0 0 3 0] 

T-i:«m?-<^ 5 d m^JileV(8000Klcffl^) O^v^SiJ^I^X tf VfflEf^ffl Sr LTV^ 
[0 0 3 1] 
[0 03 2] 

S-C^^o t^t?>i: i:5^lf>o^«a|sSrS*»P»®£v^tf-^'«ro<-5.()<Of±4 £ 
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^-'J : 10/ 



[0 0 3 3] 

03 S HZC 5zt%V-^l^tit^<K>^^mStt 5 d<om»^^ 
[0 0 3 4] 

i^mi^ ttummmi-ym^it'km^m^it^ vm^^mi^ mmmn-v 
m^it^m^m^ tti\mmmi-nm^<t^^mm^> ce, Pr. Pm. 

Sm. Eu. Gd> lb. Dy^ Ho^ Er^ Tm> YbiJ J:m.uO^&±S4&S7C^i 0 **i^**e> 

<ti> iao^Jg7&«-&*$*t-cv>*o 

[0 0 3 5] 

mits Kmm^m^j:y^y^>i^^^^^i^^^^ 4 f «^5&*«fl^s^i<^3pm 

[0 0 3 6] 

Ti>mmimmu ti-z. 0'<Lxi>m^m9-ri>^t^^<. iat%*-e>ioo 

[0 0 3 7] 
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#M2 002-166803 ^-'^ 

[0 0 3 8] 

(&im&-t&lt^<^U^ (V-;^ili) Si^rX^^:fe■fe^^2a. Ce. Pr. Nd, Pffl. Sm 
, Eu. Gd. lb. Dy. Ho, Er, Tm. Yb^XVnM<Oit±m^^^^^ 

IKS£l±*iia$*<5Ja'&«4 2fflJ':iLJi^tt'btt-CV^*) 2b. nMK->'"'>K^P 
, As^Sb=a:if«rAttfe-fe^V2c, K-^''?^ h OB. Al^Ga=SrA*tyi-t;V2d. 5 
v^;&;^Si*fl^$•*-5KF9^^*;^•fe^^3a:6«^^te>^^TV»*c, Si^^±m 
^JR* if<o®#lS3^t±. ^:^^^O^wSi'^b-^!|&^:-b^^^^Ai^■ClI^■tl^^::■r•^) - 

[0 0 3 9] 

=&i5. H-fr 4rA*t*-fe;i/2a~2dl±. @^$*t-CV^*v>*s. ^ttW 

isO. 7>'*^i'-fe^i'3a«. RF (.-^mt^) 3'f;v8lcJ:»)S14'fk$-*TV»*o - 

[0 0 4 0] 

-e-L-C. SiB|gl6*^5±tC^S$-*^;*«^. nMF-^1>hOP. Sb^As* 
m»1.33X10-5Pa-e. $t>Jw. i®K-/^> h-e*SJ[i?-«tB> Al^GaSrC. 65X10 
-5PaT. m^ii. Gd, 'Ibt^»4Dy<O®?-^^±^^S7C^*1.33X10-5Pa 

[0 0 4 1] 
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0 0 2-1 6 6 8 0 3 '^-v^ : 

10 0 4 2] 

ai^;V^-O^AE*^ -e*t-r*L, 4.08(2.04) X 13. 6meV^ 5.14(2.57)X13.6ineV 
. 1.10(0.55)xi3.6meVfc:fci<. 3i«i4«r3^Lrv><&ii:*«^*»*o 
[0 0 4 3] 

[0 04 4] 

Gd3+. 1b3+^Dy3+* if<Dit±m±m5tm tm.m^ > K«igS:Sl^t 
i--5o t35>^> Gd. lb tyt(4Dy*ifOl(f^O*i^^7C^»±. :a^-;v:6*iilra 
■rs'mTSIitf^'5ro-c*3»). @4tc^$*t;sidlw. Z(Ott<oim-r^i>^^^ 

[0 0 4 5] 

JE«>25at%iSS<0#±IS^%^*-g-^$-a:^^>OO^I!ltcigE**5. 10. 15, 20at 
%<0iC5^'f'^SlU (x9.247J/T) feJ:lF^?Ktt^ 

■j^iaK (SK) «:il'<^o ?Sg|^*-^>h^itJ^?Si4^^ia£tiSQUID (superc 
onducting quantum interference device ; Mi^M^i^^^^^^) iciS^lK^ 
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#02 0 0 2-1 6 6 8 0 3 ^-'J : 

10 04 71 

1^1 1 











<Dmm 


mSt (at%) 


h (mb) 


& (SK) 


Gd 


5 


6.98 


455 . 


Tb 


5 


8.97 


468 


Dy 


5 


9.45 


512 



[0 0 4 8] 
[^2] 





mm (at%) 


h (jub) 




Gd 


25 


6.85 


690 


Tb 


25 


8.87 


860 


Dy 


25 


9.40 


880 



[0 0 4 9] 

mm<r>x') tc, ^±m^m%^x\i. Gd\tm^:^\^> s =7/2, ffcii^siiiSL 

t ti. Wm^l-y^ e > s =5/2. «LiI^SI&SL-5. «: oiS:^ t? i: 0 . 
[0 0 5 0] 



mSE# 2003-30546 



• #M2 0 0 2-1 6 6 8 0 3 '^-'J I 14/ 

. Dyi:Lu*'g^T25at%fcU Dyo.25-XLuxSi0.75<^x ^rS^^-ft^^Tfeo -?-<0 

x=0. 04-e 0 S K 1" S i t § ;it o 
[0 0 5 1] 

x=0~0. 10<OKH*S3E-f * i i: tc J: I) . ^M<^>3SflB14fe^SKJC^3e-f 4 i 
fc)^-C§*o t^. 'n)fcLu*l^«tt^'g-fr-C25at%M$*. Tbo. 25-xI*bcSio. 75 

[0 0 5 2] 

*riE<^#CT«i. #±lg^JPi7C5gS: 2 SmmJi K- y-r ^ i t i «) . ^<o5i?S 

1 SO^JSTCjg t ^ 5 f S^;6«-fe*n mc*!^ <Ti^^=- KTcmt-JR-f Slh, Pa 
. U. Np^ Pu. Am> On. Bk. Cf^ Es. Rik Ud. Nofe iiarJ: *) «:*^^^^Stftt 

[0 0 5 3] 

[0 0 5 4] 



ajSE# 2003-3054659 



M2 0 0 2-1 6 6 8 0 3 • ^-'J : 15/ 

[0 0 5 5] 

t%<oyfmmwtSi (at%) \zn-ri>£^<K>^%^mskzm-ro 

[0 0 5 6] 
[0 0 5 7] 

LTJ±. lX10l8cm-3£Ui-C**C:i:56s|i3F* Lv^o -Pflx-Jf, lo20~io21cm-3 gjg 
lwK-7'1-*tfir. «lfj^<O?i^SI-^<Ol~10at%^tcffl^i-^o pMK-^-? 

[0 0 5 8] 

i--5^±m^mxfg«- 2 mmJik±m-^'tz i t i . -e-oa-tatoig/htfes* 
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#®2 0.0 2- 1 6'6 8 0 3 

(0 0 5 9] 
»3l 





(at%) 


S/Jv&S: (mn) 


GaN:Gd 


5 


420 


GaN:Tb 


5 


380 . 


GaN :Dy 


5 


370 



10 0 6 01 

4 ;^-;v* J: o rS&±il^JgJl^ H<o?K^«ffli:f^ffi<^:*:§ $ is J: 

[0 0 6 1] 

1J5E<?5«^-C-{i. 1&±JiifeJS7n#S:-i-«-r*lEm«-^lK-rs:&Si: L-C. MBE ( 
^-^^Ilitf^^S/-) ^g=l:fflv»:fe*s, MOCVD (^^S^m-ffc^M^ft) ^^^^ 

LT. M0CVD^SF«J{l«Al-4o 
[0 0 6 2] 

tLxii. zfiii><Dy3mzm.h-f. GaBimmi^. kimimmiif^ ^±m^^ 

[0 0 6 3] 
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#®2 0 0 2- 1 6 6 8 0 3 ^-z^ l 

[00 6 4] 

it^^ma^-i^Ce. Pr. Nd. Pm. Sm. Eu^ Gd> lb, Dy. Ho. Er. Tm. Yb^itau 
*|fcLTfeffl$*tTv»2,Zii0^2IM^K^il'ft«^ (TCO) . 5fc7r>f AfcM*^^* 

mi] 

Si * <0GdO 3l?S!£«c]l I* it m?-t»t^.M-C ab o 

Si «0EuO Sfeai44fc^ i3 It 4 mT-^^l^iS-^?* S o 
[@3] 

Si ^oCe<^Sfi?SS14JK]ltc:fe lt-&m^iK,^,^St?ab -So 
[gI4] 

4o 

[giS] 

^•5o 
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[@7] 
I@8] 

Gd*0flfc tfcnMfi J:t;^<© K-y<> > t:mai.f^t^<om^^.<o^iti^ 

1 

2 a. 2 b> 2 c. 2.d 

3 a RF9v^*^^■t^^ 

5 ^ 

7 H-^' 

8 RF=i'f;V 
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imm^} mm 
imi] 
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u) 1- (O o in <r- 

■•- ■ O O r-^ 
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[@4] 
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^-i? : 5/ 
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Mit-i^. Ce. Pr. Nd, Pm. Sdk Eu. Gd^ Tb. Dy. Ho. Er. Tm. Yb^XXnja<D^± 

mnm] 112 
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